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SPECIFICATIONS 

1. Name of invention 

Manufacture of semiconductor substrate 

2. Claim 

Manufacture of semiconductor substrate with the following 
characteristic : 

A P-type, N-type, or a mixture of P-type and N-type impure 
substance layer is created in the silicone substrate by ion- 
implanting a P-type, N-type, or a mixture of P-type and N-type 
impure substance by an ion implanter; after fluorine is ion- 
implanted into the substrate, the substrate is annealed, producing 
a semiconductor substrate having a highly concentrated P-type, N- 
type, or a mixture of P-type and N-type impure substance layer. 

3. Detailed explanation of this invention 
[Industrial field] 

This invention pertains to a manufacturing method of a 
semiconductor substrate having a highly condensed embedded layer. 
[Conventional technology] 

As an embedded layer for semiconductor device, the following 
characteristics are essential: Low sheet resistance, high 
controllability during the production process, excellent 
crystallizability of the silicone substrate on the embedded layer, 
and excellent crystallizability of the mono-crystal silicone 
epitaxial ly grown onto the embedded layer. 

* Numbers in the margin indicate pagination in the foreign text. 
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A dispersion method or ion-implantation method is 
conventionally used to embed a layer in a silicone semiconductor 
substrate. 

A P-type embedded layer is produced by dispersing or ion- 
implanting a boron or boron fluoride compound (BF, BF 2/ or BF 3 ) . 

Compared with the ion-implantation method, the dispersion 
quantity and dispersion depth are not easily controlled when boron 
is dispersed for forming a P-type buried layer. Moreover, silicone 
bromide (SiyBx) produced during the dispersion process is hardly 
dissolved in hydrofluoric acid, and cannot be removed unless the 
silicone base is etched, resulting in a rough silicone surface 
after the etching process. Also, when a polycrystal silicone 
containing a high ratio of boron is used, as a dispersion source, . 
although the dispersion quantity and dispersion depth can be more 
easily controlled compared with the method which directly disperses 
boron, insoluble silicone bromide is formed at the boundary surface 
of the silicone substrate and polycrystal silicone. To provide an 
easier boron dispersion process and polycrystal silicone removal 
process, the polycrystal silicone is oxidized. However, with this 
technique, the impure substance ratio in the silicone decreases /154 
since the segregation coefficient of boron (ratio of the density of 
an impure substance included in the silicone and the density of an 
impure substance included in the silicone oxide film) is less than 
1. Also, the completion of polycrystal silicone oxidization is 
difficult to identify. With a P-type highly condensed layer having 
a minimum thickness of 1 x 10 18 cm -5 produced by dispersing boron, 
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when mono-crystal silicone is grown onto a P-type highly condensed 
layer, transition phenomenon tends to occur in the layer having a 
high boron density, due to the difference of the bonding distance 
between silicone and boron, . resulting in numerous crystal defects 
in the mono-crystal silicone epitaxially grown onto the dispersed 
layer. For example, when a bipolar transistor is produced on a 
high density embedded layer, the characteristics of the transistor 
becomes unsatisfactory. 

With a method which produces a P-type buried layer by ion- 
implanting boron, numerous defects caused by ion-implanting occur 
in the silicone substrate when the implantation exceeds 1 x 10 14 cnf 2 . 
When mono-cr ystal silic on^^crys tallized an d grown onto the 
surface of the substrate, numerous defects are produced in the 
grown crystal, which cannot be eliminated even after the annealing 
process. With the boron fluoride compound ion-implantation method, 
the maximum ion-implantation quantity can be increased to 
approximately 5 x 10 1 W 2 . However, this improvement is not 
sufficient enough for reducing the resistance in the P-type buried 
layer.. Also, when a boron fluoride compound is ion-implanted, 
boron and fluorine are decomposed on the silicone surface, which 
divides the implantation energy according to the ratio of each 
substance quantity. For example, the boron-implantation energy is 
only 36% of the total implantation energy of a boron fluoride 
compound even when BF which can provide the best energy condition 
is used, when BF 3 is used, the implantation energy is reduced to 
only 16%. Therefore, it is not easy to set a wide boron range. 



Based on those factors, a boron fluorine compound is not suitable 
for a method which ion-implants boron at a high energy level, but 
is suited to the method which forms a thin layer of boron by ion- 
implanting boron at a minimum energy level to form a sharp 
distribution of implanted impure substance. Moreover, when a boron 
fluoride compound is used for ion-implantation, boron and fluorine 
cannot be individually measured. Also, as a range of boron and 
fluorine in the compound changes when the energy exceeds 115 KV, 
the positional relation between boron and fluorine changes due to 
accelerated energy. 

As another method, fluorine or silicone is ion-implemented 
before the boron implantation to form a P-type embedded layer. 
Considering the factors that (1) the silicone substrate non-^ 
crystallized by ion-implanting fluorine or silicone can 
significantly reduce the amount of channeled boron, and (2) crystal 
defects ca n be re cove red fas te r if a silicone mono cryst al is 
further npn-crystallized, crystal defects can be recovered faster 
than the method which does use a non-crystallization process. 
However, when non-crystallized substrate is recrystallized, the 
crystal characteristic of the silicone surface is inferior to the 
crystal characteristic obtained from a mono crystal, and the 
crystal characteristic of mono-crystal silicone epitaxially grown 
onto the silicone surface also becomes unsatisfactory. 

To produce an N-type embedded layer, arsenic or phosphorous is 
vapor or liquid-phase deposited; or, arsenic or phosphorous is 
dispersed or ion-implemented in a polycrystal silicone or silicone 



oxide film. 

In the method which directly produces an N-type embedded layer 
using a vapor or liquid phase dispersion, the dispersion quantity 
and depth cannot be fully controlled compared with the 
controllability of the ion-implementation method. To solve this 
problem, an N-type impure substance is dispersed into a polycrystal 
silicone or silicone oxide film, or doped during the film 
production process and dispersed into the silicone substrate to 
form an N-type embedded layer. Although this method can provide an 
improvement over the controllability of dispersion quantity and 
depth, the dispersion quantity still cannot be fully controlled. 
Also, with this method, a silicone oxide film used as a dispersion 
source during the heat-dispersion process must be removed, where 
removing polycrystal silicone is difficult. 

In a method which produces an N-type embedded layer by 
directly ion-implanting arsenic or phosphorus, crystal defects 
caused by ion-implantation drastically increase when the ion- 
implantation quantity exceeds 1 x 10 14 citf 2 . When the ion- 
implantation quantity exceeds 1 x 10 15 cm" 2 , the surface is non- 
crystallized, and even if the non-crystallized layer is re- 
crystallized, a large number of defects are produced, and cannot be 
eliminated by annealing. Moreover ,_ when a mono- crystal silicone is 
epitaxial ly grown on the embedded layer, a numerous crystal defects 
are p roduced . To solve those problems, arsenic or phosphorous is 
ion-implanted into a polycrystal silicone or silicone oxide film. 
The ion-implanted layer is used as a dispersion source and 
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dispersed into a silicone substrate to create an N-type embedded 
layer. Compared with the regular ion-implanting method, this 
method does not deteriorate the crystal characteristic of the 
silicone substrate. However, the silicone oxide film used as a 
dispersion source must be removed after the heat-dispersion 
process, and removing polycrystal silicon is difficult. 
[Problems to be solved by this invention] 

To eliminate the problems as described above, this invention 
provides a method that can produce a semiconductor device 
containing a semiconductor substrate having the following 
characteristics: low sheet resistance, high controllability during 
the production process, P-type or N-type highly concentrated 
embedded layer., (up to. 10 20 cm" 5 ), and excellent crystal 
characteristic of the mono-crystal silicone epitaxial ly grown on 

<r ~ ■ ■ "~ ' ' " . 

the silicone substrate surface on the embedded layer. 

[Method to solve the problems] _ . 

To achieve the purpose of this invention, a P-type or N-type 
impure substance and fluorine are sequentially ion-implanted into 
a silicone substrate for a semiconductor device. That is, after an 
impure substance is ion-implanted to form an impure substance layer 
of selected density, fluorine is ion-implanted into the same area, 
and annealed to activate the impure substance, completing the P- 
type or N-type embedded layer production. Moreover, with a high 
density embedded layer based on this invention produced by ion- 
implanting a highly concentrated impure substance into the deeper 
side of silicone substrate, excellent crystal characteristic can be 
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produced on the silicone substrate surface, and mono-crystal 
silicone grown onto the silicone substrate surface can provide 
satisfactory crystal characteristic as well. 

With the conventional technique, a boron or boron fluoride 
compound is ion-implanted to prepare a P-type embedded layer, and 
an arsenic or phosphorous is ion-implanted to prepare an N-type 
embedded layer. However, with this type of ion-implantation 
method, if the silicone substrate surface is treated to provide a 
crystal characteristic for growing a mono-crystal, a high density 
layer cannot be embedded in the substrate. In the case of a 
dispersion method, the controllability of the dispersion process is 
not sufficient compared with that of an ion-implantation method, 
and also, a complex production process is required. 

To reduce boron channelling during the ion-implantation 
process, fl uorine or silicone is pre-ion-impla nted in the area from 
the silicone substrate surface to the boron range in order to 
uniformly non-crystalize the silicone in the silicone substrate, 
and the silicone is recrystallized by annealing. This method takes 
advantage of the phenomenon that, by ion-implanting fluorine or 
silicone to non-crystalize the substrate, a steep boron 
distribution can be produced. However, the crystal characteristic 
of _^ e _- c rystallized silicone is inferior to the crystal 
characterist ic of the mono-crystal; and the crystal characteristic 
of the mo no-cryst al epitaxially grown onto the re-crystallized 
silicone is also insufficient. 
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Therefore, the method based on this invention is clearly 
different from the conventional method, as it can provide an 
excellent crystal characteristic of the epitaxially grown mono 
crystal silicone, and a highly concentrated embedded layer can be 
embedded due to excellent controllability of the method. 
[Operational example] 

Figure 1 shows the production sequence of an operational 
example of this invention, where a P-type or N-type, primary 
embedded layer (2) is formed in a substrate (1). m Part (1) of 
Figure 1., a specific amount of P-type or N-type impure substance is 
accelerated to a specific energy by an ion-implantation device. In 
this case, an average depth of the implanted ion should be 0.3 ^m 
or higher. item (3) designates the first mask (for ion- 
implanting), and item (4) designates the first ion (P-type or N- 
type ion). In Part (2), energy for fluorine ion-implantation is 
determined, and fluorine is ion-implanted into a specific area of 
the silicone substrate which was ion-implanted in Part (1). The 
implantation quantity of the fluorine should be 1 x 10 16 cm" 2 , and 
the thickness should be 1 « 1.6 of the thickness of the impure 
substance implanted in Part (1). item (5) designates a fluorine 
ion, and item (6) designates fluorine ion implantation area. After 
the ion-implantation, the mask is removed. Part (3) shows the 
a g^^l^££Sgss_for_actj ^tirig a P-type or N-type impure su bstance . 
Part (4) shows the epitaxial growth of the mono-crystal silicone 
(7) on the embedded layer (2). 
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The following describes the ion-implantation method for 
producing a P-type embedded layer . This example tests the crystal 
characteristic of the mono-crystal silicone layer produced after an 
impure material is ion-implanted and anneal-processed, and a mono- 
crystal silicone is ep itaxially grow n. 

Figure 2 shows the relation between the boron ion implantation 
quantity and defects on the epitaxially grown crystal. That is, 
when only boron was ion-implanted, crystal defects were produced /156 
when ion-implantation quantity exceeded 3 x 10 14 cm" 2 . Under, the 
assumption that the threshold of. boron quantity producing defects 
was 1 x 10 16 cm" 2 , boron and fluorine were sequentially ion- 
implanted. The range of boron/fluorine and quantity dependency of 
fluorine were investigated. Figure 3 shows the relation between . 
the boron-fluorine range and crystal defect quantity of the 
epitaxially grown layer, and Figure 4 shows the relation between 
the fluorine quantity and crystal defect quantity in the 
epitaxially grown layer. As shown in the figures, a transition 
group was detected at the region of fluorine area - 60% of the 
fluorine area when the fluorine-boron thickness exceeded 0.3 ^m at 
a fluorine quantity of 10 16 cm" 2 . However, the crystallization 
characteristic of the silicone substrate surface did not show much 
change when compared with the non-ion-implanted surface (observed 
by RBS: Razaford Back Scattering method). When the 

crystallization characteristic of mono-crystal silicone epitaxially 
grown onto the surface was observed after being evaluated with a 
crystal defect evaluation liquid, the results were the same as 
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those obtained from the substrate prior to the ion-implementation 
process. Moreover, the boron implantation dependency at 10 16 cm -2 
of fluorine ion-implementation was not detected. As for the order 
of implantation, when boron was implanted first, better results 
could be obtained. The best crystallization characteristic was 
produced on the silicone substrate surface when the fluorine range 
was approximately 1.6 times the boron range for a thin boron layer 
(e.g., 0.3 vm), and approximately equal to the boron range for a 
thick boron layer. Also, from the results of the secondary ion 
analysis performed on a P-type high density embedded layer, 
fluorine was found to be segregated in the distribution similar to 
the distribution of crystal defects created during the anneal 
process and fluorine ion-implementation, and separated from the 
silicone substrate surface. Therefore, with the high density 
embedded layer based on this invention, the crystal characteristics 
obtained from the silicone substrate surface area and from the 
mono-crystal silicone epitaxially grown onto the substrate surface 
were identical to the characteristics of the silicone substrate to 
which no ion was implanted. with the method based on this 
invention, as the crystal defects are sealed into the bottom 
fluorine area, the crystal characteristics equal to the substrate 
surface to which no ion was implanted can be obtained. 

The following theory can be assumed based on the test results 
described above and the reason for the transition phenomenon (a: 
a large number of non-balanced air holes are concentrated on the 
dense boron surface, and pressed to form a transition phenomenon 
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called "plasmatic transition"; b: the dislocated part whose both 
ends are restricted by a deposited substance or other substance is 
deformed by the stress): 

With a silicone substrate, fluorine is segregated to the 
defects produced by numerous non-balanced air holes created during 
the ion-implantation process, restricting both ends of dislocated 
part to cause a transitional loop. The defects mainly caused by 
the fluorine ion implementation process are trapped by fluorine, 
and their multiplication can be blocked. As ions exceeding 0.3 pm 
does not cause ion inter-reaction on the silicone substrate 
surface, the silicone substrate surface does not get damaged, 
allowing the satisfactory crystallization characteristic to be 
maintained. Also, as the boron range and major defect areas 
created by fluorine (approximately 70% of fluorine range) are 
approximately equal, an excellent crystallization characteristic 
can be obtained. That is, a high range of ion-implantation is 
necessary for maintaining a satisfactory crystallization 
characteristic . 

The following describes the ion-implantation performed in the 
order of a P-type or N-type impure substance and fluorine: 

It can be assumed that the fluorine implantation plays an 
important roll for the ion-implantation process performed in the 
order of a P-type or N-type impure substance and fluorine. That 
is, in the case of boron - fluorine implantation, as the crystal 
characteristic inside the substrate is disturbed by the ion- 
implantation process, the fluorine implantation can cause steeper 
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fluorine distribution compared with the distribution obtained by 
the process not pre-implanting boron; the crystal defects produced 
by fluorine form a peak, advancing the disturbed crystal 
characteristic inside the silicone substrate. In other words, the 
peak of crystal defects created by fluorine is equal to the peak 
produced by the apparent high density fluorine implantation, which 
allows the crystal defects to be easily recovered when annealed. 
With the conventional method which ion-implants in the order of 
fluorine and P-type or N-type impure substance, the silicone 
substrate is evenly non-crystallized from the substrate surface to 
the depth of the boron, and no consideration is made regarding to 
the mono-crystal silicone epitaxial ly grown onto the embedded layer 
and its crystal characteristic. Therefore, the purpose and 
effectiveness of the conventional method is completely different 
from those of the method based on this invention which implants 
an N-type impure substance first before implanting fluorine. /157 

As described above, the larger the fluorine ion implementation 
quantity is, the better crystallization characteristic should be 
obtained. As shown in Figure 4, when the fluorine ion- 
implementation quantity exceeds 10 16 cm -2 , the crystallization 
characteristic deteriorates. This is probably because excessive 
fluorine inside the substrate which is not separated or used to 
trap crystal defects tends to form a gas. 

The substrate for semiconductor device production method based 
on this invention can provide the same effectiveness to the N-type 
impure substance, being able to form a high density P-type or N- 
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type embedded layer having the same crystal characteristic as that 
of device to which no ion is implanted. 

Figures 5 and 6 show the diagram of production sequence for 
producing a silicone semiconductor device having multiple types of 
high density embedded layers (e.g., P-type and N-type) . In this 
case, the P-type and N-type layers may be formed in any order. 
Item (8) designates the second mask; item (9) designates the second 
ion; item (10) designates the second embedded layer; item (11) 
designates the third mask; item (12) designates a fluorine ion- 
implementation area; and item (13) designates a fluorine ion. 

Figure 5 shows an example in which a range of multiple high 
density P-type and N-type embedded layers is equally made to allow 
the fluorine implantation energy to be equally distributed. First, 
an area on the silicone substrate is determined for ion- 
implementing a P-type or N-type impure substance, and a P-type or 
N-type impure substance of specific density is ion-implemented for 
a minimum of 0.3 jjm. Next, an area on the substrate not used by 
the first implantation process is selected, and the P-type or N- 
type impure substance not implemented in the first process is 
implanted in the same range. Fluorine is then ion-implemented into 
the areas where impure substances have been implanted for an amount 
of 10 16 cm" 2 at a thickness equal to the thickness of the previous 
impure substance ~ 1.6 times of the previous impure substance. An 
anneal process is then performed to form P-type and N-type high 
density embedded layers. Mono-crystal silicone is then epitaxially 
grown onto the embedded layers. 
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Parts (a) and (b) in Figure 6 show an example where the ranges 
of P-type and N-type impure substances are different. The rest of 
the processes are the same as those described above [i.e., P-type 
or N-type ion-implementation; fluorine implementation (10 16 cm" 2 ) for 
a range of 1 ~ 1.6 times of the range of impure substance; an 
anneal process is performed; and a mono-crystal silicone is 
epitaxially grown onto the embedded layers]. 

The advantage of this method is that, the crystal defects 
caused by ion-implementation can be ignored while allowing the P- 
type or N-type impure substance ion-implementation quantity to be 
optionally set. The maximum impure substance density should be up 
to the solubility of P-type or N-type impure substance determined 
based on the anneal temperature shown in Part (3) of Figure 1. For 
example, the solubility of boron in silicone is approximately 2 x 
10 20 cm" 3 at 1000°C. No crystal defects exists at the silicone 
substrate surface area or in the epitaxially grown mono-crystal 
silicone, as all the crystal defects are sealed in the deep area of 
the fluorine layer. Therefore, the crystal characteristic of the 
silicone substrate surface is almost equal to the crystal 
characteristic obtained prior to ion-implantation. The mono- 
crystal silicone grown onto the substrate surface can provide the 
crystal characteristic equal to the crystal characteristic on the 
substrate surface. 
[Effectiveness of this invention] 

As described above, with the production method of 
semiconductor substrate containing a high density embedded layer 
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based on this invention, a P-type, N-type, or P/N type embedded 
layer can be created at an optional area for an optional amount, 
and the substrate surface and mono-crystal layer grown onto the 
substrate surface can provide excellent crystal characteristic. 
4. Simple explanation of the figures 

Figure 1 shows the diagram of production sequence of an 
operational example of this invention, where A P-type or N-type 
primary embedded layer (2) is formed in a substrate (1). Figure 2 
shows the relation between the boron ion implantation quantity and 
defects on the epitaxially grown crystal. Figure 3 shows the 
relation between the boron-fluorine balance and crystal defect 
quantity of the epitaxially grown layer, and Figure 4 shows the 
relation between the fluorine quantity and crystal defect quantity /158 
of the epitaxially grown layer. Figure 5 shows an example in which 
the range of multiple high density P-type and N-type embedded 
layers are equal to allow the fluorine implementation energy to be 
equally distributed. Figure 6 shows an example where the ranges of 
P-type and N-type impure substances are different. 

1... Silicone substrate; 2... High density embedded layer; 
3... Ion-implementation mask; 4... P-type or N-type ion; 5... 
Fluorine ion; 6... Fluorine ion implementation area; 7... Mono- 
crystal silicone. 
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Figure 1 ___ _ 

Key: a) Number; b) Process name; c) Explanation figure; d) Ion- 
iraplementing a N-type or P-type impure substance; e) Fluorine" ion 
implementation (1 ~ 1.6 times the amount used in Process 1); f) 
Anneal; g) Epitaxial growth; h) Ion-injection. 

Figure 2 

Key: a) Boron range; b) Crystal 
defect quantity; c) Amount of boron 
ion-implementation. 
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Figure 3 

Key: a) Boron and fluorine ion- 
implementation quantity; b) Crystal 
defect quantity; c) Range of boron 
and fluorine. 
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Figure 4 

Key: a) Boron ion-implementation 
quantity; b) Crystal defect quantity; 
c ) life Fluorine ion-implementation 
quantity; d) Ion-implementation 
sequence; e) Boron -> fluorine; f) 
Fluorine -» Boron 
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Figure 5 

Key: a) Number; b) Process name; c) 
Explanation figure; d) Ion- 
implementing a N-type or P-type 
impure substance; e) Ion- 
implementation of N-type or P-type 
not used previously; f ) Fluorine ion 
implementation (1 - 1.6 times the 
amount used in Process 1); g) Anneal; 
h) Epitaxial growth; i) Ion- 
injection. 
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(b) 
Figure 6 

Key: a) Number; b) Process name; c) Explanation figure; d) Ion- 
iraplementmg a N-type or P-type impure substance; e) Fluorine ion 
implementation (1 ~ 1.6 times the amount used in Process 1); f) 
Ion-implementing a .N-type or P-type impure substance not used 
previously; g) Fluorine ion-implementation (1 ~ 1.6 times the 
amount used in Process 3); h) Anneal; i) Epitaxial growth; j) ion- 
mjection. ' J ' 
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